The issues related to the reduction of the level of pollution and the increase in the safety of human life through the control of the operation of coke batteries used in heavy industry are investigated. Data on sources of emissions of harmful substances, including nitrogen oxides, are presented. Different modes of operation of coke batteries are analyzed and mathematical models are obtained, which allow choosing rational operating regimes based on the criterion for minimizing emissions of nitrogen oxides.
Introduction
Nowadays, the problem of ensuring a reduction in nitrogen emissions is relevant all over the world, since nitrogen compounds (NO x ) generally negatively affect human health and the environment. In particular, nitrogen oxides often do not have a smell, and, getting into the human body, bind to hemoglobin. The result is an effect similar to that of carbon monoxide, a transformation into a form that can't transfer oxygen [1] . NO 2 irritates the lungs, which can lead to serious health consequences. NO 2 combines with water, readily dissolves in fat and can penetrate into the capillaries of the lungs, where it causes inflammation and asthmatic processes.
Since most of the NO x emissions in real devices occur in the Zeldovich high-temperature mechanism [2] , most of developed methods to reduce these emissions are aimed at reducing the maximum temperature in the combustion zone and reducing the residence time of the reagents in this zone. Methods for reducing NO x emissions are subdivided into primary and secondary [3] . The primary measures include measures to optimize the combustion process and the design of devices, resulting in a reduction in NO x concentration in the exhaust gases. The secondary measures (selective or non-selective catalytic reduction) involve the purification of gases before their release into the atmosphere and entail significant additional costs. The actually used methods are to a large extent due to the existing national emission standards for NO x emissions in industrial plants (gas turbine power plants, industrial furnaces), aircraft, cars and devices for the consumer sector, such as boilers or heaters. The more stringent norms are set for emissions, the more expensive the combustion chamber design is and the more difficult it is to manage its working process.
The main ways to reduce NOx emissions are [3− The production of coke coal in Ukraine is developed quite widely, which causes the urgency of issues related to ensuring environmental safety of its production processes.
Prior to this time, the task of determining the parameters of the operation of coke batteries and modeling their properties for managing the processes of reducing harmful emissions to human health, was not fully reflected in the studies. The study of these issues will make it possible to identify the main significant parameters that affect the degree of contamination and to assess the starting point from which values the investigated parameters will have a significant impact. This will allow to optimize the operation of the plants and to reduce the amount of nitrogen oxides in the exhaust gases, which will have a positive effect on the environment and human health.
The aim of research is to analyze the various modes of operation of coke batteries, as well as to select their optimal parameters for determination of the rational operating conditions of the battery by the criterion of minimizing the concentration of nitrogen oxides in the exhaust gases.
To achieve this aim, the following tasks are solved: -a mathematical model are developed to determine the relationship between the parameters of the air supplied for heating and the concentration of NO x in the exhaust gases;
-an analysis is made and opportunities are identified to clarify the requirements for the technological parameters of the coking process to ensure management of their quality and reduce the NO x concentration in the exhaust gases.
Materials and methods of research
The experimental material from [10] is taken as a basic material. It is shown in Table 1 . Table 1 The amount of nitrogen oxides formed at different coking parameters 
Note: α -air excess factor supplied for heating; t -temperature; c -NO x concentration
The analysis of the obtained data allows to use the plan of the full factorial experiment and determine the values of the output and input variables, taking into account the fact that the number of experiments corresponds to N=2 k . The model is obtained on the basis of the method of constructing of the second order complete central orthogonal central design, the principles of its use for analogous problems are described in [11, 12] . The values of the input variables are normalized according to the following formulas: x -the natural values of the input variables, 1 x , 2 x -the average values of the input variables 1 x =1,5 %, 2 x =1320, I 1 , I 2 -the variation intervals of the input variables (I 1 =0,2, I 2 =120).
The mathematical model is described by a polynomial of the following form:
where a i -the estimated coefficients, β -the parameter that is calculated depending on the number of kernel points of the composite plan 2 n-p of the shoulder of the "star" points α and the number of plan points according to the formula:
A general view of the data for construction of a central orthogonal composite design is given in Table 2 . In formulas (5)- (8), с 1 , с 2 , с 3 are the coefficients for linear, quadratic and pair interactions of independent variables, respectively, n -the number of linear terms of the model, and N -the number of experiments.
For a polynomial of the second degree of the form (4), the values of these parameters are given in Table 3 . Table 3 The values of parameters for calculation of the coefficients of a mathematical model Evaluation of the significance of the model coefficients is carried out on the basis of Student's t-test:
where t cr -the critical value of the Student's distribution for the confidence probability of 95 % and the number of degrees of freedom φ=3, s -the standard deviation determined on the basis of formula (10).
Determination of the effect of NO x concentration with increasing temperature
As input parameters are taken: 1) air excess factor supplied for heating (x 1 ); 2) temperature (x 2 ). As the output parameter -concentration of NO x in the exhaust gases (y 1 ). An analysis of the initial data shows that in this case there are all the necessary values for constructing a central orthogonal composite design.
The experimental data show that the concentration of NO x generally tends to increase with increasing temperature, and also with an increase in the air excess factor supplied for heating. Let's define the features of this effect, as well as the temperature (t), from which this effect becomes irreversible.
Ecology
The visual analysis of the response surface also confirms the fact that both the temperature (t) and the air excess factor supplied for heating (α) have a significant effect on the NO x concentration. Analyzing the received response surface, it can be concluded that the concentration of NOx increases, both with an increase in the air excess factor supplied for heating, and with an increase in the temperature in the furnace.
Discussion of research results of the effect of NO x concentration with increasing temperature
Analysis of the response surface describing the NO x concentration confirms that a significant influence on it is caused by both the air excess factor supplied for heating (α) and the temperature (t). The analysis of the received response surface confirms the influence of both input parameters (temperature and air excess factor). Based on the obtained results, it can be concluded that the NO x concentration increases with increasing temperature and the air excess factor supplied for heating.
Thus, based on the obtained data, it can be concluded that in order to reduce the NO x concentration in the exhaust gases in the coking process, it is necessary to reduce either the temperature or the air excess factor supplied for heating. It should be noted, however, that technical measures to implement the calculated operating modes of the battery involve certain difficulties. In particular, it is about the fact that a decrease in the valuesof the described technological parameters to the specified limits may lead to deterioration in the quality of the coke formation process. It is clear that this is negative from the point of view of obtaining a quality product. Thus, a dilemma arises in the choice of priorities. Obviously, it is necessary to choose a strategy that leads to an increase in the safety of life. Therefore, choosing more safe operating modes of coke batteries, it is necessary to optimize other technological regimes. The latter should not lead to deterioration in the quality of emissions, but not to deteriorate the quality of the finished product.
Conclusions
As a result of the conducted researches, mathematical models are constructed to determine the relationship between the parameters of the air supplied for heating and concentration of NO x in the exhaust gases. The obtained models are regression equations, the estimated parameters of which are obtained by realizing the second order central orthogonal composite design of the full factor experiment. Analysis of these model data and obtained response surfaces shows that both the temperature (t) and the air excess factor supplied for heating (α), have a significant effect on the NO x concentration. Analyzing the obtained response surface, it can be concluded that the concentration of NO x increases both with an increase in the air excess factor for heating, and with an increase in temperature in the furnace.
